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A series of dual OX1R/OX2R orexin antagonists was prepared based on a N-glycine-sulfonamide core. SAR
studies of a screening hit led to compounds with low nanomolar affinity for both receptors and good oral
bioavailability. One of these compounds, 47, has demonstrated in vivo activity in rats following oral
administration.
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The orexins (orexin A and orexin B, also named hypocretin 1
and 2, respectively) are hypothalamic peptides discovered in
1998 by two independent research groups.1,2 These two neuropep-
tides play an important role in the regulation of the sleep–wake
cycle and related hypothalamic functions. They are endogenous
ligands of two G protein-coupled receptors, namely, OX1R and
the OX2R and are proteolytically derived from the same precursor
peptide.1,2 While both neuropeptides bind with similar affinity to
the OX2R, orexin A binds with slightly higher affinity to OX1R than
orexin B.2 Patients with narcolepsy have degenerated hypotha-
lamic orexin neurons and low levels of orexins in cerebrospinal
fluid.3 Activation of orexin neurons contributes to the promotion
and maintenance of wakefulness, and conversely, relative inactiv-
ity of orexin neurons allows the onset of sleep.4 Consequently,
blocking orexin signaling with receptor antagonists may provide
a new mechanism for decreasing wakefulness and, thus, a novel
therapeutic opportunity for the treatment of insomnia. Recently,
we have reported that a dual OX1R/OX2R receptor antagonist
(ACT-078573, almorexant) elicited somnolence without inducing
cataplexy in rats, dogs, and humans.5 Herein, we describe a novel
series of orexin receptor antagonists based on a N-glycine-sulfon-
amide core. Compounds with excellent potency on both receptors
and suitable pharmacokinetic behavior were found.
ll rights reserved.
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High-throughput screening of our chemical libraries against a
CHO cell line expressing the human orexin receptors using a
FLIPR (fluorometric imaging plate reader)-based calcium assay6

identified the achiral and low molecular weight aryl containing
N-glycine-sulfonamide 1 (2-[(4-tert-butyl-benzenesulfonyl)-p-to-
lyl-amino]-N,N-diethyl-acetamide) as a potent and selective
OX2R antagonist with very poor oral bioavailability (F = 1%) in
Wistar rats.
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To improve potency on both receptors, preliminary structure–activ-
ity relationship (SAR) studies around 1 started by keeping constant
the N,N-diethyl-sulfonyl-acetamide moiety and by exploring struc-
tural modifications of the two aryl rings.

Many of the N-glycine-sulfonamide derivatives evaluated were
prepared according to the procedure outlined in Scheme 1. The
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Scheme 1. General synthesis of N-glycine-sulfonamide derivatives (route A).
Reagents and conditions: (a) Ar2–NH2, pyridine, rt, 70–85%; (b) 2-chloro-N,N-
diethyl-acetamide, K2CO3, DMF, 80 �C, 70–80%.
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Scheme 3. General synthesis of ethyl heterocyclic-methyl amines. Reagents and
conditions: (a) 2 M EtNH2 in THF, NaBH4, MeOH, rt, 12–63%; (b) 2 M EtNH2 in THF,
rt, 24–98%.
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Scheme 4. General synthesis of the substituted benzisothiazole derivatives.
Reagents and conditions: (a) SnCl2�2H2O, 37% HCl, MeOH, reflux, 100%; (b) NaSCN,
Br2, AcOH, rt, 99%; (c) 25% NH4OH, rt, 52%; (d) 3,4-dimethoxybenzenesulfonyl
chloride, pyridine, rt, 87%; (e) 2-chloro-N,N-diethyl-acetamide, K2CO3, DMF, 80 �C,
66%; (f) i—tert-butyl bromoacetate, K2CO3, DMF, 80 �C, rt, 80–87%; (ii) TFA, Et3SiH,
DCM, rt, 90–95%; (iii) 9, PyBOP, i-Pr2NEt, DMF, rt, 30–53%.

5730 H. Aissaoui et al. / Bioorg. Med. Chem. Lett. 18 (2008) 5729–5733
appropriate aryl-sulfonyl chlorides 2 were coupled with an aniline
derivative in the presence of pyridine. The resulting sulfonamide
intermediates 3 with a diverse range of functionality provided
the desired final compounds 4 by reaction with 2-chloro-N,N-
diethyl-acetamide in the presence of K2CO3.

For compounds where one ethyl group was replaced with a
heterocycle-CH2- unit, a modified route was pursued with 3,4-dim-
ethoxybenzenesulfonyl chloride 5 (Scheme 2). Coupling with the
appropriate aniline in the presence of pyridine followed by reac-
tion with tert-butyl bromoacetate in the presence of K2CO3 fur-
nished the sulfonamide intermediate 7. Removal of the tert-butyl
ester under acidic conditions (TFA) in the presence of triethylsi-
lane, followed by amide bond formation (i.e., PyBOP, i-Pr2NEt) with
an ethyl heterocyclic-methyl amine derivative 9 provided final
compounds 8.

The ethyl heterocyclic-methyl amine derivatives 9 were
prepared by reductive amination of the appropriate aldehyde 10
with ethylamine in the presence of sodium borohydride (method
A) or by coupling of the suitable heterocyclic halide 11 with ethyl-
amine (method B) (Scheme 3).

The synthesis of compounds whereby Ar2 is a substituted benz-
isothiazole moiety, is depicted in Scheme 4.

The commercially available acetophenone 12 was reduced with
SnCl2�2H2O in the presence of concentrated HCl in refluxing MeOH.
Subsequent bromination in AcOH followed by reaction with
sodium thiocyanate (NaSCN) afforded the thiocyanato derivative
13.7 Cyclization with concentrated ammonia7 followed by reaction
with 3,4-dimethoxybenzenesulfonyl chloride in the presence of
pyridine furnished the sulfonamide intermediate 14. Reaction with
2-chloro-N,N-diethyl-acetamide in the presence of K2CO3 afforded
the target compound 15. Additional analogs containing the hetero-
cycle-CH2 unit, 16, were prepared in the same manner as described
in Scheme 2.

Replacing the 4-tert-butylbenzene moiety of 1 by a less
lipophilic substituent such as a 3,4-dimethoxybenzene ring, did
not change the potency or selectivity profiles as exemplified with
compound 17 (Table 1). Introduction of further electron-donating
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Scheme 2. General synthesis of N-glycine-sulfonamide derivatives (route B). Reagents an
DMF, 80 �C, rt, 90–97%; (c) TFA, Et3SiH, DCM, rt, 90–95%; (d) 9, PyBOP, i-Pr2NEt, DMF, rt
substituents such as methyl, ethyl, or methoxy groups resulted in
a significant drop in potency towards the OX2R, especially for
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d conditions: (a) Ar2–NH2, pyridine, rt, 70–85%; (b) tert-butyl bromoacetate, K2CO3,
, 50–70%.



Table 1
SAR studies on Ar1 moiety

S N N

O

R1

R2

R3

R4

OO

Compound R1 R2 R3 R4 hOX1Ra hOX2Ra

1 H H t-Bu H >10,000 5
17 H OMe OMe H >10,000 19
18 H H Et H >10,000 89
19 H H Me H >10,000 232
20 H H OMe H >10,000 661
21 H H Br H >10,000 142
22 H H F H >10,000 346
23 H H CN H >10,000 1187
24 H H OCF3 H >10,000 1822
25 Me H H H >10,000 58
26 Cl H H H >10,000 800
27 F H H H >10,000 3372
28 H Me H H >10,000 60
29 H Cl H H >10,000 139
30 H F H H >10,000 839

a IC50 values in nM (FLIPR assay).

Table 3
Optimized orexin antagonists

S N
R1

NO R2

O

O

O O

Compound R1 R2 hOX1Ra hOX2Ra

46 N Me 29 4.5
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compound 20. The presence of an electron-withdrawing substitu-
ent in the para-position such as a halogen atom or a cyano group
led to less potent, selective OX2R antagonists as illustrated with
compounds 21–24. Similar biological results were obtained with
ortho- and meta-substituted derivatives as exemplified by
compounds 25–30.

In a second effort to improve OX1R potency, we have decided to
explore a variety of substitution patterns with different electronic
Table 2
SAR studies on Ar2 moiety

S N

NO

O

O

R4

R3
R2

R1

O O

Compound R1 R2 R3 R4 hOX1Ra hOX2Ra

31 CN H H Me2N 166 10
32 Cl H H Me2N 119 5
33 Cl H H CN >10,000 463
34 Cl H H CF3 2486 48
35 OMe H H Me2N >10,000 239
36 CN Me2N H H >10,000 110
37 H Me2N Cl H >10,000 789
38 CN H Me H 886 4
39 Me2N H H Cl 4875 60
40 Cl H H Me 1107 8
41 Cl H H i-Pr 888 90
42 Cl H H Et2N >10,000 2405
43 Cl H H Me(Et)N 1373 433

44 Cl H H N 2527 1606

45 Cl H H N 1709 1161

a IC50 values in nM (FLIPR assay).
properties at one or more positions of the anilinic phenyl ring in
compound 2 (Table 2).

As shown in Table 2, it is apparent that the presence of an
electron-withdrawing substituent (preferably a chlorine atom) in
the ortho-position (R1) and an electron-donating group such as a
dimethylamino group in the meta-position (R4) was very important
to obtain significantly improved affinity for the OX1R (compounds
31 and 32). On the contrary, introducing only electron-donating or
electron-withdrawing substituents in the 2,5-positions resulted in
a dramatic loss of potency on both orexin receptors (compounds
33–35). The 2,3-disubstituted and 2,4-disubstituted derivatives
were rather OX2R-selective antagonists (compounds 36–38) with
compound 38 being one of the most potent OX2R antagonists
found to date. Inversion of the electronic properties in the 2,5-
disubstitution pattern led to compounds with a substantial drop
of affinity for the OX1R but only a small loss of activity towards
the OX2R (compound 39). Similar tendencies were observed when
the dimethylamino group was replaced either by a methyl or an
isopropyl group (compounds 40 and 41). Further structural modi-
fications of the dimethylamino group by elongation (compounds
S Cl
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N 17 5
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Cl

N N
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Cl
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50
Cl

N N
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51 N
S Cl
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S Cl

N 8 7

a IC50 Values in nM (FLIPR assay).



Table 4
Pharmacokinetic parameters of compounds 47–52 in rats following intravenous
administration at a dose of 1 mg/kg

Compound t1/2
a AUCb Clpc Vss

d

47 0.5 434 38 1.7
48 1.5 1290 13 1.5
49 0.9 1230 14 1
50 0.8 1140 15 0.7
51 0.6 327 51 1.0
52 0.8 536 32 1.5

a t1/2 Apparent terminal half-life expressed in hours.
b AUC, area under the plasma concentration versus time curve expressed in ng h/

mL.
c Clp, plasma clearance expressed in mL/min kg.
d Vss, volume of distribution at steady state expressed in L/kg.

Table 5
Pharmacokinetic parameters of compounds 47–52 in rats following oral administra-
tion at a dose of 10 mg/kg

Compound Cmax
a AUCb Tmax

c Fd

47 582 2290 0.5 35
48 754 3860 1.0 30
49 858 5660 4.0 46
50 872 4570 0.5 40
51 41 34 0.5 1
52 40 121 0.5 2

a Cmax, the maximum observed plasma concentration expressed in ng/mL.
b AUC,areaundertheplasmaconcentrationversustimecurveexpressedinng h/mL.
c tmax, time to reach the maximum observed plasma concentration expressed in

hours.
d F, oral bioavailability expressed in percent of dose.
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42 and 43) or cyclization (compounds 44 and 45) resulted in a
significant loss of potency on both orexin receptors.

To identify more potent dual antagonists and to improve
physicochemical properties of these sulfonamide orexin antago-
nists, compound 32 was selected as the starting point for further
optimization. These structural modifications consisted of introduc-
ing heteroaromatic ring systems in the anilinic and the tertiary
amide regions (Table 3). Interestingly, replacement of the
2-chloro-5-dimethylamino-phenyl moiety by a 6-chloro-3-
methyl-benzisothiazole group resulted in significantly better
affinity towards the OX1R (compound 46). Introduction of polar
heterocyclic systems in the tertiary amide region yielded the most
potent dual orexin antagonists identified so far in this class
(compounds 47–52).

Pharmacokinetic studies with selected compounds were carried
out in Wistar rats8 at intravenous and oral doses of 1 and 10 mg/kg,
respectively, (Tables 4 and 5) and demonstrated that encouraging
profiles with significant exposure were achieved. Generally, the
compounds exhibited low systemic plasma clearance except for
compound 51 (51 mL/min kg), good oral bioavailability (F > 30%)
and high AUC (>2300 ng h/mL). Compound 49 had the best phar-
macokinetic profile and possessed an oral bioavailability of 46%.
Surprisingly, replacement of the 2-chloro-5-dimethylamino-phe-
nyl moiety by the 6-chloro-3-methyl-benzisothiazole substituent,
as in compounds 51 and 52, resulted in a tremendous loss of the
pharmacokinetic profile with an oral bioavailability as low as for
compound 1.

In vivo effects on sleep and wake cycles and blood–brain barrier
(BBB) penetration were evaluated for compounds 47, 48, and 50 in
adult male Wistar rats.

Effects of those compounds were assessed in freely moving rats
implanted with radiotelemetric probes recording electroencepha-
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Figure 1. Dose–response effects of oral administration of compound 47, a dual OX1/OX2 r
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shown that almorexant (or ACT-078573), a dual OX1R/OX2R antag-
onist that crosses the blood–brain barrier decreases alertness and
increases non-REM and REM sleep in a dose-dependent manner
when administered at the beginning of the dark active phase in
rats.5

Tested under the same conditions (compound given orally at
the beginning of the dark active phase), compound 47 was the only
representative of this series that showed signs of activity on sleep
and wake stages. It was tested at 100 and 300 mg/kg po and
induced an apparent dose-dependent decrease in home cage activ-
ity (P < 0.0001, one-way ANOVA; Fig. 1A). The effect was significant
at 300 mg/kg (P < 0.0001, Bonferroni post hoc analysis) when com-
pared to vehicle control. We also observed a decrease in time spent
in active wake over the 12 h night period which was not significant
((P > 0.05, one-way ANOVA; Fig. 1B). Time spent in non-REM and
REM sleep were both increased in a dose-dependent manner over
the 12 h night period following administration (P = 0.0318 for non-
REM sleep and P = 0.0263 for REM sleep, one-way ANOVA). The
effect was significant at 300 mg/kg (P < 0.05, Bonferroni post hoc
analysis, Fig. 1C and D) when compared to vehicle control. Body
temperature was not significantly affected at any dose (P > 0.05,
one-way ANOVA).

BBB penetration was evaluated at two different time points
(1 and 3 h) following oral administration of 100 mg/kg. None of
those compounds (47, 48, and 50) showed substantial total brain
penetration. Concentration in brain was very low, in the range of
10–20 ng/g. Compound 47 showed the highest brain concentration
observed for this class of compounds, reaching 66 ng/g 3 h follow-
ing administration.

These total brain concentrations were sufficient to induce elec-
trophysiological signs of non-REM and REM sleep when compound
47 was administered at three times higher dosage (300 mg/kg po,
Fig. 1). Time spent in non-REM and REM sleep increased in physi-
ological proportion: over the 12 h night period, non-REM sleep rep-
resented 86% of the total sleep time for vehicle-treated animals and
83% for animal treated with compound 47 (at 300 mg/kg) and REM
sleep represented 14% of the total sleep time for the vehicle group
and 17% for the compound 47 group. These pharmacological effects
were achieved at total brain concentrations which are likely to be
lower than those needed for almorexant to elicit similar effects on
non-REM and REM sleep.5 Characteristic physicochemical parame-
ters (such as protein binding in plasma and brain or partitioning
into lipid and aqueous compartments) are likely to contribute to
differences in free extracellular concentrations reached in the brain
for compounds of different classes.

Despite such differences, our investigations with these N-gly-
cine-sulfonamides confirm the unique characteristics of dual orex-
in receptor antagonists. By transiently blocking the effects of
endogenous orexin-peptides, those antagonists mimic the physio-
logical state of sleep occurring when orexinergic neurons stop
firing.4

In conclusion, we have described a novel series of potent dual
orexin antagonists based on a N-glycine sulfonamide scaffold.
SAR studies based on screening hit 1 have been outlined. A combi-
nation of a 2-chloro-5-dimethylamino-phenyl or a 6-chloro-3-
methyl-benzisothiazole moiety in the anilinic region with polar
heterocyclic systems in the tertiary amide region led to the most
potent dual orexin receptor antagonists found so far in the litera-
ture. Generally, the series exhibited good oral bioavailability but
was associated with low BBB penetration. We further demon-
strated the ability of compound 47 to increase electrophysiological
markers of both non-REM and REM sleep in rats following oral
administration (at 300 mg/kg).
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